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　　In　this　study，　we　investigated　the　water　quality　of　surface　runoff　and　groundwater　runoff
from　the　basins　of　the　Yodo　．River　and　the　Asahi　River　based　on　that　separated　by　a　numerical
filter．　The　water　quality　of　the　surface　runoff　is　greatly　different　fro皿the　groundWater　runoff．
The　tendency　of　concentration　change　in　accordance　with　river　discharges　is　different　from　each
other．　The　water　qtiality　of　groundwater　runoff　changes　with　river　discharges　clockwise　in
many　cases．　The　differences　of　COD　and　SS　originating　from　those　of　population　and　industrial
activities　in　each　basin　are　found　in　the　lower　SS　concentrations　of　the　surface　runoff　and　the
COD　cencentrations　of　the　groundwater　runoff．　The　nutrients　and　chlorine　ion　were
investigated，　too．
1 INTRODUCTION
　　　　　In　the　water　quality　management　of　rivers，　the　differences　of　po｝lutant　loads　and　water　quality　among・pollutant
sources　are　important．　Po｝lutant　loads　from　non－point　sources　occupy　most　loads　in　rainy　weathers．　On　the　other　hand，
loads　from　point　sources　determine　loads　and　water　quality　in　f｝ne　weathers　together　’翌奄狽?@the loads　and　w er　quality　of
the　groundwater　runoff　from　the　forests　and　so　on．
　　　　　The　components　of　runoff　are　classified　into　surface　runoff，　interflow　and　groundwater　runoff．　ln　this　study，　the
components　of　rdnoff　were　．　separated　into　groundwater　runoff　and　surface　runoff．　which　includes　，interflow．　The　surface
runoff　is　major　in　rainy　weathers　and　the　groundwater　runoff　occupies　most　parts　in　fine　weathers．　ln　this　study，　the
two　components，　surface　runoff　and　greundwater　runoff，　of　both　pollutant　loads　and　river　discharges　were　separated　by
the　same　nu皿erical　filter　and　the　water　quality　of　each　component　is　calculated　from　the．　separated　components　6f　the
loads　and　the　discharges．　Based　on　the　periods　’of　variations，　the　components　of　the　runoff　were　separated．　The
component　of　the　shorter’垂?窒奄盾п@was　judged　to　’be　surface　runoff　and　．that　of’the　longer　period　was　judged　to　be
groundwater．runoff　Because　data　pf　daily　means　were　used’in　this　study，．the　periods　in　days．　are　aimed．　The
wastewater　from　households　is　includes　in　．　a　part　of　groundwater　runoff　because　the　Variation　of　daily　averaged
waR．　tewater　is　small．　Therefore，　the　water　quality　of　the’　groundwater　runoff　separated　is　similar　with　the　water　quality
of　the　groundwater　from　forests　in　the　basins　of　low　population　dengity　and　low　indu’唐狽窒奄≠戟@activ ties．　On　the other　hand，
the　water　quality　of　groundwater　runoff　receives　the　influence　of　urban　drainage　in　basins　of　high　population　density
and　high　industrial　activities．　The　water　quality　of　the　Yodo　River　has　been　improved　cOmParatively，　however　it　ie　not　so
good　because　of　high　urban　activities　in　the　basin．　The　water　quality　of　the　Asahi　River　is　good’　because　the　population
density　and　industrial　activities　are　low　in　the　basin．　Because　the　degree　of　urban　activities　is　greatly　different　in　the
both　basins，　the　water　quality　is　studied　by　a　comparative　method．
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2． DATA　USED　AND　OUTLINE　OF　BASINS
　　　　　The　basin　area　of　the　Yodo　River　is　about　7281km2　including　the　basin　area　of　the’Lake　Biwa，　3848km2．　ln　the
basin，　there　are　many　sate｝lite　cities　other　than　two　major　’cities　of　Osaka一　City　and　Kyoto　City．　DaPa　used　for　analysis
are　water　quality　alld，daily　discharges　observed　in　Hirakata　City　from　January，　．1980　to　December・，　1980．
　　　　　The　basin　area　of　the　Asahi　River　is　about　1，800　km2・　There　are　Asahigawa　Dam　and　．Yubara　Dam　in　the　basin
and　the　total　reservoiT　capaeities　are　about　60，000，000m3・and　100，000，000rn3，　respectively．　The　river　discharges　are
rather　stable．　The　data　used　for　apalysis　are　water　quality　observed　a　little　upstream　from　the　uppe；　end　of　the　estuary
and　daily　mean　discharges　observed　approximate｝y　2　km　upstream　from　the　sampling　point　from　November，1980　to
October，　1981．　The　dai｝y　mean　pollutant　loads　used　for　the　analysis　were　calculated　from　the　water　quality　and　the
daily　mean　discharges．　’
3 FILTER　SEPARATION．　AUTOREGRESSIVE　METHOD（1）
　　　　　In　this　study，　the　water　quality　of　surface　runoff　and　groundwater　runoff　was　inve．stigated．　E　ach　component　of’
water　quality　was　ca｝culate．　d　from　the　components　of　discharges　and　pollutant．　loads　obtained　by　rpgaps　of　a　filter
separation　autoregressive　method．　By　the　way，　the　variations　of　riVer　discharges　and　pollUtant　｝oads　can　be　classified
into　those　of　the　longer　period　and　the　shorter　period．　The　river　discharges　used　for　filter　separation　agtoregressive
method　are　classified　into　those　in　hours　and　those　in　days．　Both　are　different　frQm　each　other　in　the　analyzing　method
of　time　・series．　The　former　is　analyzed　as　a　stationary　ptobability　process，　but　the　latter　is　analyzed　as　a　nonstationary
probability　prQcess．　ln　other　wordsi，　rain　is　considered　as　a　white　noise　in　the　former，　whereas　the　rain　is　considered　as
an　exogenbus　input　i且the　latter．　As　ti皿e　serie8　data　in　days　were　analyzed　here，　the　method　of　the．fbrmer　was　applied．
　　　　　In　the　following，　the　time　series　of　river　discharges　is　picked　up　for　a・example　and　the　general　statement　about
the　analysis　method　is　given．　ln　the　analysis　the　discharges　・from　dams　are　deducted　from　topal　river　diseharges　to
remove　the　influence　of　the　artificial　coritrol　of　river　discharges．　The’　daily　river　discharges　are　exptessed　as　the’
folloWing　with　an　autoregressive　model　before　carrying　out　the　component　separation．
　　　　　ア’一α1アト1＋α2ア’一2＋a3ア’一3＋．’…＋apンi－P＋εi－1　　　　　　　　　．　．　　　（1）
Here，　al，a2，a3，’　’　”，ap：　autoregressive　parameter，　Ei－1：　white　noise’　proportional　to　daily　precipitation．
　　　　　By　the　way，　these　autoregressive　parameters　are　considered　as　the　weights　expressing　the　influence　Which　river
discharge　at　t　receives　from　the　precedent　discharges　at　t－1，t－2，　and　so　on．　When　the　time　constant　for　separatibp　is
decided　froni　the　order　of　the　autoregressive　rnodel，　the　numerical　fi｝ter　for　the　component　separation　of　river　discharges
in　days　is　able　to　be　formulated．
　　　　　The　output　for　each　frequency’is　shown　as　following　equation．
1呼｛1一亦（f〕2．．．．．．．．．（2）．
Here，　fc　：　the　separation　frequency　that　fc　＝　ZT．　，　Tc　：tin｝e　constant．
　　　　　With七he　r曲rence　to　the　wave　pass　characteristic　whieh　shows七he　relation　between　amplification　factors　and
frequencies，　the　decrement　coefficient　is　selected　within　the　range　satisfying　the　requirement　of　6　z　2　，　ln　this　study　2．5
was　adopted．　Within　the　range’from　2　to　3，　the　difference　ofthe　decrement　coefficient　did　not　affect　the　calculated　result．
The　filter　parameters　are　calculated　bqsed　on　the　next　e．quations　using　this　decrement　c6efficient　and　the　time　constant
for　separation．
　　　　　　C6＝（＆／Tc）2　’．’　’　．　’　（3）
　　　　　　Cl　＝6－ITc　．　”　．　’　（4）Then，　the numerical．　filter　for　the　backward　operation　is　show n　as　the next　equations．
w廊7（鋤α雄γoプ．∫％痴・θ1～脚∬㈱4伽照伽α渉θγ1～un・ff 25
w（r）　一
co　・　exp（一gt　r）　・sinh（v（｛ll｝t12　一　coT）
C12
　　　　－Co
　4
o
r20
r〈O
（5）
　　　　　．y1一αΣw（n△’）ツ（’一η△’）　　　．　　　　　　　　　　　　　　　．　　　　　　．　．（6）
The　output　of　daily　river　discharges　through　this　nutnerical　filter，　low－frequency　pass　filter，　is　the　groundwater　runoff，
yl．　Here，　ct　is　the　parameter　which　is　determined　to　satisfy　the　reqUirements　that　total　runoff，　y，　is　always　greater
th。n　g，。u丑dw・徹u雌ア1，Acc・・dingly，　the　s・・伝・e・・n・ff，ア2，i・exp・es・・d・・th。　n。xt，q。。七i。n．
　　　　　ア2一アーア1　．　　．　　　　　　　　　　　　．　　　　（7）
4． WATER　QUALITY　OF　SURFACE　RUNOFF　AND　GROUNDWATER　RUNOFF
4．1 General　Characteristics
　　　　　The　resu｝ts　are　shown　in　Fig．　1　to　Fig．　14．　The　general　characteri’stics　are　as　follows．　The　water　quality　of
groundwater　runoff　shows　different　tendencies　from　that　of　the　surface　runoff　’The　change　ln　the　groundwater　runoff
can　be　grasped　easily　because　t，he　change　process　is　gentle，　But　that　is　difficult　in　the　surface　runoff　The　tendencies　of
both　surface　runoff　and　groundwater　runoff　are　different　season　by　season．　The　concentrations　of　the　groundwater
runoff　are　low　and　do　not　change　so　much　in　comparison　with　the　surface　runoff．　But　they　change　with　flow　rates
clockwise．
　　　　　According　te　the　results　of　Sato　et　al．（2），　the　water　quality　does　not　s．catter　q．o　much．　And　the　water．qualiYy　of　the
surface　runoff　can　be　expreg．　sed　by　the　linear’　function　of　the　ratio’of－the　surface　runoff　occupied　to　the　total．river
dig．charge　however　the　tendency　of　the　water　quality　change　is　different　season　by　season．　The　water　quality　of　the
groundwater　runoff　is　shown　that　it　can　be　’arranged　in　relation　with　the　flow　rate　of　the　groundwater　runoff　or　the　river
water　temperature．
　　　　　Of　these　facts，　we　recognized　from　our　data　that　the　tendency　of　water　quality　change　is　different　season　by
season．　The　population　and　the　hydrological　characteristics　in　each　basin　studied　here　are　greatly　different　from　that
studied　by　Sato　et．　al．　Furthermore，　the　Lake　Biwa　and　big　dam　reg．ervoirs　in　the　basins　may　disturb　the　component
separation　of　water　quality．　The　flirther　consideration　is　needed．
4．2 Comparison　with　the　Asahi　River　and　the　Yodo　River
　　　　　The　water　qua｝ity　items　that　can　be　compared　between　both　rivers　are　chemical　oxygen’demand　（COD）　and
suspended　solids　（SS）．　The　following　characteristics　are　found．
　　　　　Firstly，　SS　is　coRs．idered　baR．ed　on　Fig．　1，　Fig，　2，　Fig．　9　and　Fig．　10．　As　mentioned　in　the　ptevious　section，　water
quality　of　groundwater　runoff　represents　water　quality　in　’fine　weather．　The　wate．r　’曹浮≠撃奄狽凵@of　the　groundwater runoff　is
lower　than　that　of　the　surface　runoff　in　both　riverf　．　Generally　the　water　quality　of　the　surface　runoff　in　the　Yodo　River　is
2　times　higher　than　the　Asahi　River　：　When　the　river　discharge　is　little，　the　SS　concentrations　fall’р盾翌氏@ o　10g／m3　in　the
Yodo　River　and　near　zero　in　the　Asahi　River．
　　　　　The　concentrations　of　the　groundWater　runoff　in　the　Yodo　River　are　q．　table　and　they　vary　within　the　range　of　1－
8g／m3，　those　in　the　Asahi　River　vary　within・the　range　of　1－20g　／m3．　The　bigger　variations　of　SS　in　the　Asahi　River
suggests　that　2　dam　reservoirs　affect　the　SS　concentratio’獅刀D
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Fig．　13　Chlorine　ion　concentration（Cg）　of　groundwater　runoff（Qg）　in　the　Yodo　River　Fig．　14　Chlorine　ion　concentration（Cs）　of　sgrface　runo’ff（Qs）　in　the　yodo　River
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　　　　　Based　on　Fig．　3，　Fig．　4，　Fig．　11　and　Fig．　12，　COD　is　considered．　ln　the　Yodo　River，　the　COD　concentrations　of　the
groundwater　runoff　are　5－10g／m3，　and　those　of　the　surface　runoff　are　within　the　range　of　2・10g／m3．　Th3　concentrations　of
the　surface　runoff　are　rather　lower　than　those　of　the　groundwater　runoff．　In　the　Asahi　River，　the　concentrations　of　the
groundwater．@runoff　are．1－7g／m3　and　those　of　the　surface　runoff　are　from皿ear　zero　t疋）8gノ血3．　Generally　the
concentrations　of　both　the　surface　runoff　and　the　groundwater　runoff　in　the　Asahi　River　are　lower　than　those　in　the
Yodo　River．　E　specially．，　the　concentrations　of　the　surface　runoff　lower　than　2gtm3　，that　are　scarcely　found　in　the　Yodo
River，　are　found　much　in　the　Asahi　River．　lt　is　considered　that　the　difference　of　the　lower　concentrations　shows　the
difference　of　population　and　industrial　activities　in　each　basin．
4．3 Concentration　of　Nutrients　and　Chlorine　lon
　　　　　Total　nitrate　CTN）　and　total　phosphate　（TP）　were　Qbserved　only　in　the　Asahi　River　and　chlorine　ion　was　observed
only　in　the　Yodo　River．　The　results　are　shown　from　Fig．　5　to　Fig．　8，　Fig．　13　and　Fig．　14．
　　　　　The　following　characteristics　are　found　about　TN　and　TP．　The　variations　of　concentrations　of　TN　and　TP　are
si皿ilar　except　the　spring．　In　the　spring，　the　concentrations　of　TN　are　comparatively　stable　around　O．2g／m3　in　the
groundwater　runoff　and　around．　O．7g／m3　in　the　surfhce　runoff．　On　the　other　hand，　the　concen・trations　of　TP　pretty　change．
In　the　su皿血er，　the　concentrations　of　both　the　groundwa．ter　runoff　and　the　surface　runoff　change　greatly．　The　tendency
that　the　concentrations　of　groundwater　runoff　change　in　accordance　with　river　discharges　is　found．　ln　the　autumn，　the
concentrations　of　the　surface　runoff　change　to　some　extent，　but　the　concentrations　of　the　groundwater　runoff　do　not
change　even　if　t．he　river　discharges　change．　ln　the　winter，　the　concentrations　of　both　the　groundwater　runoff　and　the
surface　runoff　vary　remarkably　though　the　river　discharges　do　not　vary　so　much．
　　　　　The　concentrations　of　ehlorine　ion　decrease　as　the　river　discharges　increase　regard｝ess　of　the　season　and　the
runoff　co皿ponent．
5 CONCLUSIONS
　　　　　In　this　study，　we　investigated　the　characteristics　of　pollutant　ioads　from　the　the　basins　of　the　Yodo　River　and　the
Asahi　River　based　on　the　component　concentrations　of　the　surface　runoff　and　the　groundwater　runoff．　The　groundwater
runoff　and　the　surface　runoff　are　each　nearly　equivalent　to　runoff　in　the　fine　weathers　and　the　rainy　weathers，　and　the
groundwater　runoff　analysed　here　includes　not　only　the　groundwater　runoff　but　also　the　wastewater　from　point　sources．
　　　　　The　results　obtained　are　as　follows．
1
2
3
4
5
Water　quality　of　the　surface　runoff　is　greatly　different　from　the　grogndwater　runoff．　Apd　the　change　process　is
gentle　．in　the　groundwater　runoff，　but　it　is　prompt　in　the　surface　runoff．
The　tendency　of　concentration　changes　in　accordance　with　river　discharges　are　different　season　by　season　in　both
the　surface　runoff　and　the　groundwater　runoff．　The　concentrations　of　the　groundwater　runoff　change　with　river
discharges　clockwise　in　many　cas（）s．
SS　of　the　surface　runoff　in　the　Yodo　River　is　about　2．　times　higher　cohcentration　than　that，　in　the　Asahi　River．　When
the　river　discharges　become　little，　the　SS　concentrations　fa｝1　down　near　zero　in　the　Asahi　River　and　around　10gtm3
in　the　Yodo　River．　In　the　groundwater　runoff，　the　concentration　of　SS　is　stable　in　the　Yodo　River　and　it　changes
withi且the　range　of　1・8911n3．　It　changeswithin　the　range　of　1・20　g／m3　in　the　Asahi　River，　The　bigger　variations　of　SS
of　the　groundwater　runoff　in　the　Asahi　River　seem　to　be　influenced　by　2　dams　in．the　basin．
In　the　Yodo　River，　the　COD　concentrations　of　the　groundwater　runoff　are　5・10g／m3　and　those　of　the　surface．　runoff
are　2－10glm3．　In　the　Asahi　River，　the　COD　concentrations　of　the　groundwater　runoff　are’@1－7g／m3　and　those　of　the
surface　runoff　are　O－8g／m3．　COD　in　the　Asahi　River　is　generally　low　concentrat・ion　in　each　runoff．　ln　the　Yodo　River，
the　COD　concentrations　of　the　grQundwaber　runoff　are　higher　than　those　of　the　surface　runoff　in　many　cases．
The　differences　of　water　quality　originating　fro皿the　population　and　the　industrial　activities　in　each　basin　are．fbund
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in　the　differences　of　the　lower一　SS　concentrations　of　the　surface　runoff　and　the　COD　concentrations　of　the
groundwater　runoff．
The　tendency　that　the　concentrations　of　the　chlorine　ion　decrease　with　the　increase　of　river　discharges　was　found　in
both　the　groundwater　runoff　and　thg　surfaCe　runoff．　The　variations　of　TN　and　TP　resemble　each　other　and　those　are
different　seasen　by　season．
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